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1 —The SANS Technique
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scattering Area Detector
angle
4n .
Q=—sin| =
neutron___~ ), 2
wavelength Scattered
SampleBeam

Monochromatic [~y Incident Beam

Neutron Beam _ N/
Source Sample

Aperture Aperture

Monochromatio

Spin Polarization

Super mirror cavity Flipper

Analyzer
Detector

transmitted
down
neutron spins

Fe/Si supermirror
coating on Si substrate

6/8/2013



Nanoscale Structures
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The Contrast Match Method
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SANS Data Analysis

e Standard Plots (Guinier Plot, Porod Plot)
e SANS Models
* |nverse Fourier Transform

e Shape Reconstruction Method

Guinier-Porod Regions

Guinier Plots
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SANS Models>
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Fourier Transform

Density-density correlation function: P
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3. SANS Research Topics

A- Phase Transitions in Pluronic P85 Solutions
B- Structure of SDS Micelles

C- Polymer Co-solvation and Co-nonsolvation
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A - Phase Transitions in Pluronic P85 Solutions

Pluronics
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Pluronic Micelles
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Core-Shell Spherical Particles Model
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Core-Shell Spherical Particles

Material Balance Equations: Results for 10% P85
at 40 °C:
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B- Structure of SDS Micelles

Micelle Formation

- Surfactants are formed of a hydrophilic head and a hydrophobic tail

- Micelles form when enough surfactants aggregate (above the critical
micelle concentration or CMC)

- SDS surfactants form micelles in water (or deuterated water)
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SANS from SDS Micelles
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- Ellipsoidal micelles form
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- Power law (low-Q) + ellipsoidal micelles (high-Q) model fits well
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Ellipsoid Volume (A%

- Micelles become smaller at higher temperatures and lower volume fraction

Some Fit Results
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- Salt addition affects lateral growth only
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Material Balance Equations

1 % SDS/d-Water
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- SDS surfactant fraction remains constant above the CMC

Phase Diagram
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- SDS/water phase diagram from calorimetry
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C- Polymer Co-solvation and Co-nonsolvation

Polymer Demixing Phase Transitions
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Polymer Demixing Phase Transitions
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Poly(ethylene oxide) in d-water

5% Poly(ethylene oxide) in d-Water
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PEO in d-ethanol/d-water Mixtures
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PEO in d-ethanol/d-water Mixtures

4% PEO, MW =90,000 g/mol
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Scattering Intensity (cm™)
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PNIPAM in d-ethanol/d-water Mixtures

4% PNIPAM in d-ethanol 4% PNIPAM in d-water

T T 1000 T T

=

o

S
T

=
o
T

Scattering Intensity (cm'l)
o
2
T

I L 0.01 I I L

0.01 0.1 0.001 0.01 0.1

Scattering Variable Q (A’l) Scattering Variable Q (A'l)

UCST LCST

PNIPAM in d-ethanol/d-water Mixtures

25 - B

g
TTTTee—

n
| *: \;52 7 ’ )Ni
1k i

—&—0 % d-water
05 L —&—10 % d-water i

——20 % d-water

—<—30 % d-water
—+— 40 % d-water

Inverse Solvation Intensity 1/C

—&— 100 % d-water
05l —T—T 71— 1 1 I 1

0.0029 0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037

Inverse Temperature (K'l)

6/8/2013

20



PNIPAM in d-ethanol/d-water Mixtures
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Results

- Most polymers dissolve better in solvent mixtures (cosolvation)
- PNIPAM is the only known polymer to obey a co-nonsolvation rule

- PEO is characterized by a “perfect” solvation window for 10 % d-water.
This corresponds to 10 d-water, 25 d-ethanol molecules per PEO
monomer

- PNIPAM is characterized by a non-solvation window for 60 % d-water.
This corresponds to 2.5 d-water and 4.4 d-ethanol molecules per PNIPAM
monomer

- The Random Phase Approximation (RPA) is useful for describing
ternary mixtures (polymer/solvent 1/solvent 2)

- SANS is a valuable thermodynamic probe to study phase transitions as
well as nanostructures
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4. Final Points

Upgrade and VSANS

USANS Instrument

New Guide Hall

10 m SANS

USANS l \{ ]U\&

30 m SANS

22



SANS, VSANS and USANS Ranges

4% PEO/d-Ethanol,
M =42,900 g/mole, T=25°C

10 ; ‘
T —— USANS Data |
E 108 L ——SANS Data i
o
>
= 10° - USANS 1
2 i |
L 10t f
k= | i
-c [ -
@ 100 VSAN
2 r i
= |
[&] L |
D oor i e W SANS
10°  0.0001 0.001 c1).01 0.1 1
QA"
Final Words
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